What are Ascetosporea? Chances are most readers will have never heard of Ascetosporea. Not that they are uninteresting, but for the simple reason that it is a poorly studied group of eukaryotes. Ascetosporea are hard to observe; they are unicellular eukaryotes (protists), exclusively parasites, often tiny (some have been known as microcells) and sometimes living an intracellular lifestyle. And unlike many other parasitic groups that include human or crop pathogens (for example Plasmodium, the malaria agent, or Phytophthora, the potato blight agent), Ascetosporea only infect invertebrates. But they have recently been put on the map of protists worth looking at. They are known from marine habitats where they cause mass mortalities in shellfi sh aquaculture, and they are also detected in freshwater and soils (although much less is known there). As a group, Ascetosporea has been gradually extended and consolidated following the discoveries of novel lineages, improved molecular phylogenies of long-known yet elusive parasites, and generally a much larger diversity than anticipated. Together, it is now clear that they represent a common and diverse group of globally distributed parasites.
What's in a name, and what is the origin of Ascetosporea?
Ascetosporea belong to the supergroup Rhizaria (Figure 1) , which is itself the least studied of the eukaryotic supergroups. Ascetosporea is one of two parasitic groups with independent origins in Rhizaria, the other being Phytomyxea, which includes parasites of various protists, such as diatoms, and plants (for example the clubroot-causing agent in Brassica crops). Ascetosporea was originally erected to host two sporeforming groups that display particularly elaborated spore ornamentation and formation -Ascetosporea means wellcrafted spore bearers. These groups were Haplosporida, characterized by walled, uninucleate ornamented spores, and Paramyxida, where sporulation is amazingly intricate, consisting of Quick guide spores forming endogenously inside mother cells, themselves inside primary host cells. Today, other groups apparently not producing spores have joined Ascetosporea, principally due to similarities in parasitic lifestyles and affi nities in molecular phylogenies. These are Paradinida, Mikrocytida (the newest order of Ascetosporea, erected only in 2014), and Claustrosporidium ( Figure  1 ). However, owing to the extreme rate of evolution for most ascetosporean lineages and a general paucity of molecular data, the phylogenetic relationships among the main groups are largely unknown.
What is the diversity of Ascetosporea?
The picture we have today is very different than just a few years ago. Although only about 50 species have been described so far, we now know that at least several hundred more lineages exist from recent environmental sequence surveys. Fascinatingly, these environmental sequences represent both new species within existing genera but also likely uncharacterized lineages at higher taxonomic levels (new genera or above). And this is probably just the tip of the iceberg. If the true extent of the diversity of Ascetosporea is still hard to grasp, it is because the classical, broad approach of environmental sequencing generally misses these parasites. There exist two main reasons for that, both related to methodological biases. First, most ascetosporeans are obligate intracellular parasites with no or only short life stages outside their host. Thus, if the hosts are not specifi cally sampled, the parasites are not sequenced. The second reason is more insidious but equally important. Many parasites, including Ascetosporea, display very high rates of evolution, which translates into divergent sequences that are more likely to result in mismatches with broadly targeted primers. Accordingly, pioneering works have recently emphasized the importance of using lineage-specifi c approaches to reveal the true, currently mostly hidden, diversity of Ascetosporea.
What is the host range of Ascetosporea? As said above, Ascetosporea are known to infect aquatic invertebrates only, but the range of infected species is vast. Bivalve molluscs are frequent targets for some of the most infamous ascetosporean parasites such as species of the genera Bonamia and Marteilia. This means that shellfi sh aquaculture is particularly vulnerable to the development of these parasites. In the 1960s and 1970s, disease outbreaks of Bonamia ostrae and Marteilia refringens caused an important decline of oyster production in Europe which has not fully recovered. Today, the worldwide impact of ascetosporean parasites on aquaculture remains signifi cant, still causing severe economic losses and limiting trade due to biosecurity legislation. The occurrence of pathogens colonizing new areas and infecting novel hosts is also a growing concern, particularly in the context of global climate warming that leads to changes in the prevalence, geographical distribution, and severity of diseases in general. Additionally, novel ascetosporeans are regularly discovered as emerging diseases in commercially important mollusk and crustacean hosts. Beyond commercially important hosts, increased study effort has also revealed wider host and/or geographical ranges than previously thought for all ascetosporean taxa. We are now fi nding that Ascetosporea are common in all areas of the world in hosts such as polychaete worms, gastropods, amphipods, molluscs and crustaceans, including planktonic host life-stages.
What genomic resources are available for Ascetosporea?
The short answer is: not many. Unlike for all other main protistan parasitic groups, there is no genome available in Ascetosporea (Figure 1) . Just a few transcriptomes have been produced: two Haplosporida (Bonamia ostrae and Minchinia chitonis) and Mikrocytos mackini, which revealed that this species is the most genetically divergent eukaryotic lineage known so far. The M. mackini transcriptome also demonstrated the fi rst evidence for an extremely reduced mitochondriarelated organelle in Rhizaria, similar to mitosomes in other supergroups (for example Microsporidia). These organelles in M. mackini apparently lost all canonical mitochondrial function other than ironsulphur cluster formation, suggesting a highly reduced energy metabolism for these intracellular parasites. Interestingly, similar organelles were suggested from micrographs in the newly described sister lineage Paramikrocytos, although the metabolic functions are unknown.
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What should we do next? Although Ascetosporea include some impactful pathogens, we still know very little about their lifecycles outside of the main studied hosts. No ascetosporean lifecycle is known in its entirety, including defi nitive hosts in which spores may be formed. Other basic aspects such as the metabolisms of these parasites, what are the virulence genes or how they interact with their hosts and escape response to infection are largely unknown. New genomes and transcriptomes are needed to address these basic issues, but more generally will also provide an important glimpse into the genome and cellular evolution from a largely unexplored part of the eukaryotic tree. However, obtaining good quality genome data is not an easy task given that no ascetosporean species are currently in culture. Promising areas of development are new culture-free methods that allow the generation of genomic data from small amounts of material and mixed samples. These data are also necessary to clarify the relationships between the highly divergent ascetosporean orders. The indications are that ascetosporeans are ubiquitous members of trophic networks in most ecosystems, but we know little about how they contribute to those systems. Together with generating new insight into their genomic and metabolic repertoires, this represents an exciting new set of objectives for ascetosporean research. The main groups of Ascetosporea are shown among other lineages in the supergroup Rhizaria; the relationships are tentative and represent a consensus of the current knowledge. The circled 'Ps' indicate the parasitic groups in Rhizaria. The position of Rhizaria in respect to other supergroups that contain parasitic lineages is indicated. Under each supergroup is a list of important genera of protist parasites, all with genome sequence for at least one species/strain (but often many more) and generally much better studied than the parasites in Ascetosporea.
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